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Final report 

Under current AFOSR grant # F49620-99-1-0021 for which I was a co-Investigator with 
Prof. Nasser Peyghambarian who was the principal investigator, we have obtained 
numerous significant results in the development of photorefractive polymers for 
holographic storage and optical processing applications. During the course of this 
investigation we published (with AFOSR acknowledgments) 12 papers in refereed 
journals and 5 book chapters and gave 32 invited talks at international conferences and 
workshops. 

The goals of our AFOSR program on photorefractive polymers were to improve the 
performance of photorefractive polymers and to fabricate innovative devices based on 
these highly efficient materials. A central objective of our program was to achieve 
destructive read-out in an organic photorefractive material. This was achieved recently 
and the work will appear in December 2001 in Optics Letters. It can be considered a 
major milestone in the development of photorefractive polymers. 

During the lifespan of the program we have made significant progress in the following 
areas: (i) material fabrication and characterization; (ii) modeling of photorefractivity in 
polymers; (iii) development of new applications based on photorefractive polymers. 
Specifically: 

• We demonstrated the recording of holograms and their non-destructive read-out in a 
photorefractive polymer using two-photon absorption. Sensitivity was provided by the 
excitation of the electro-active chromophore with femtosecond pulses followed by charge 
injection into the photoconducting PVK matrix. The holograms could be fully erased 
with a pulsed laser source but were insensitive to cw laser beams with the same 
wavelength. Studies of the field and intensity dependence of the diffraction efficiency 
indicate that the holograms are formed through the photorefractive effect. In our 
experiments we used 105 um-thick samples of the photorefractive polymer composite 
FTCN:PVK:BBP:ECZ (25:55:10:10 wt. %) sandwiched between two ITO coated 
transparent electrodes. The composite contained the electro-active chromophore FTCN, 
the photoconducting polymer matrix poly(7V-vinylcarbazole) (PVK), and the plasticizers 
JV-ethylcarbazole (ECZ) and benzyl butyl phthalate (BBP). Sensitization in this case was 
achieved through TPA in the electro-active dopant molecule FTCN. As shown in Fig. 1, 
these new samples are yellow and have no linear absorption at the operating wavelength 
of 650 nm. Holographic recording was achieved through four-wave mixing experiments 
with 130 fs pulses at a wavelength of 650 nm produced at a repetition rate of 1 kHz by an 
optical parametric amplifier pumped by the amplified output of a Ti: Sapphire laser 
system. To demonstrate non-destructive read-out we changed the wavelength of the 
pulsed laser source experiments to 700 nm and replaced the pulsed reading beam with a 
cw laser diode emitting at the same wavelength. No changes in diffraction efficiency 
could be detected for several minutes with a reading power as high as 5 mW, that is an 
order of magnitude higher than the average power of the pulsed writing beams. However, 
when one of the pulsed writing beams was blocked, the grating could be erased 
completely within a few seconds by the remaining spatially uniform writing beam. 



t Fig. 1: Photograph of a 
~& v        ^> photorefractive polymer sensitized 

by two-photon absorption. 

• We demonstrated the fabrication of photorefractive polymer composites using injection 
molding (see Fig. 2). This work is a proof-of-principle demonstration that photorefractive 
polymers can be fabricated using mass production techniques. For our experiments we 
formulated a photorefractive composite that was known to have good phase stability 
properties and a high dynamic range. The inert polymer was a commercial birefringence- 
free acrylic resin, doped with the photorefractive chromophore 2, N, N-dihexylamino-7- 
dicyano-methyl-idenyl-3, 4, 5, 6, 10-pentahydro-naphthalene (DHADC-MPN), that 
provides simultaneously transport properties and electro-activity. The composite was 
plasticized using diphenyl isophthalate (DIP), and sensitized using (2,4,7-trinitro-9- 
fluorenylidene)-malononitrile(TNFDM). 

Fig. 2: Photograph of a photorefractive polymer sample 
fabricated by injection molding 

• By getting more insight into the formation of photorefractive traps and by controlling 
its concentration by adjusting the relative energies of the HOMO levels of the different 
constituents in photorefractive polymer composites we have been able to fabricate new 
materials that combine high dynamic range and fast response time. By using two different 
plasticizers, we obtained new composites in which overmodulation of the diffraction 
efficiency is observed at 60 V/um with response times that are video compatible. 

• A photorefractive polymer composite with a 2-millisecond response time was 
developed. To the best of our knowledge, this is the fastest response time yet reported in 
a polymer. Transient ellipsometric measurements directly confirm that in this system 



chromophore orientational time does not limit the photorefractive response-time (Fig. 3). 
These new, fast materials are based on a fluorinated chromophore which combines good 
stability and high orientational mobility with useful dynamic range. 
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Fig. 3: Build-up dynamics of a hologram recorded in the photorefractive polymer 
composite FTCN:PVK:ECZ:TNFDM with a 2 ms time constant. The solid curve is the calculated 
build-up dynamics assuming that the orientational dynamics of the chromophore is the limiting 

factor. 
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